Alcohol dehydrogenase activity has been measured in 186 iso-second chromosome lines -104 from seven Australian populations and 82 from six Chinese populations. Restriction endonuclease variation in the Adh gene region in these lines has previously been described (Jiang & Gibson, 1991) . The mean ADH activity of AdhF and Adhs lines was significantly higher in the Chinese samples than in the Australian samples. In each population on both continents the mean activity of the AdhF lines is significantly higher than that of the Adhs lines. Six lines homozygous for a thermostability variant, AdhF (detected in four of the Chinese populations), had intermediate levels of ADH activity and protein amount. In a subset of the lines with the highest and lowest levels of ADH, there was a correlation of 0.69 between ADH activity and ADH CRM. None of the restriction site variants was consistently associated with the amount of ADH activity. Associations between BamHI (-7.2), the Adh polymorphism and ADH activity suggest that there are modifiers of ADH 5' to the gene. The deletion (0.2) at position -2.8 on the restriction map (Jiang & Gibson, 1991) was associated with increased levels of ADH, activity in Adhs lines from China. Two unique insertions in the gene region were associated with low activity in AdhF lines and a null activity allele had a deletion removing most of exon 2. A single line with a duplication of a part of the Adh coding region and of the 5' regulatory section had relatively high ADH activity. Considering all the data, the main factor affecting ADH activity levels in populations is the frequency of AdhF.
Introduction
The enzyme alcohol dehydrogenase (ADH) is relatively abundant in Drosophila melanogaster, comprising 1 per cent of the soluble protein. In adult flies ADH is expressed in the hindgut, rectum, fat body, Malpighian tubules and structures derived from the male genital disc, and in larvae in the fat body, midgut and Malpighian tubules (Fischer & Maniatis, 1986) . The ADH enzyme of Drosophila melanogaster has a role in alcohol detoxification, as flies homozygous for Adh null activity alleles do not survive exposure to *Present address: Department of Zoology, Louisiana State University, Baton Rouge, Louisiana, 70803-1725, U.S.A. lTo whom correspondence should be addressed. ethanol levels above 6 per cent (Grell et al., 1968; Freeth et a!., 1986; Van Delden & Kamping, 1988) , although the relationship between fitness and variation within the normal range of activity remains controversial (for regions see Van Delden, 1982; Gibson & Wilks, 1988) .
Within populations of D. melanogaster, considerable variation in ADH activity is caused by genetic and environmental (mainly nutritional) factors. Anderson & Gibson (1985) assessed ADH levels in newly caught single flies and noted a greater than sixfold difference in ADH activity and ADH CRM between flies with the lowest and highest activities. A factor contributing to this variation is the world-wide polymorphism at the Adh locus for two allozymes, ADH-S and ADH-F (Lewis & Gibson, 1978; Laurie-Ahlberg et a!., 1980; Anderson & Gibson, 1985) . ADH enzyme activity per fly is 2-3 times higher in flies homozygous for AdhF alleles than in Adhs homozygotes and this is largely due to differences in ADH protein amounts (Gibson, 1972; Birley & Marson, 1991; Maroni et a!., 1982) but the higher catalytic efficiency of ADH-F (Winberg et a!., 1985) also has an effect. ADH activity and tissue distribution are directly affected by genetic variants at the structural gene locus, and are regulated by cis and trans acting elements (Goldberg et a!., 1983; Posakony et a!., 1985; Fischer & Maniatis, 1986; Corbin & Maniatis, 1990) . Clarke & Whitehead (1984) have argued that the structural and regulatory contributions to ADH variation are likely to have co-evolved as a linked group of selectively interacting factors. If this has occurred then non-random associations between regulatory and structural factors might be reflected in patterns of restriction endonuclease variation and ADH activity levels. There is evidence that some restriction fragment length polymorphisms in the Ad/i region are associated with ADH activity levels (Birley, 1984; Aquadro eta!., 1986; Schott eta!., 1988 ).
We have recently described restriction endonuclease variation in the 12-kb region surrounding the Ad/i locus in 13 populations of D. melanogaster from Australia and China (Jiang & Gibson, 1991) . The populations were chosen because they spanned the latitudinal dine in the Ad/is allele -this allele decreases in frequency with distance from the equator Jiang et a!., 1989) . The second chromosomes that were isolated and made homozygous by Jiang & Gibson (1991) were also assayed for their effects on ADH activity, and these data are now related to the restriction endonuclease variation which was present in the populations. The aims were (1) to assess intra-population variation in ADH activity, (2) to test whether populations at similar latitudes have similar activity levels, (3) to determine whether the difference in activity beween AdhF and Ad/is alleles is consistent in populations from the northern and southern hemispheres, and (4) to test whether there are consistent non-random associations between restriction endonuclease variants and ADH activity.
Materials and methods
The D. melanogaster lines assayed for ADH activity were the same lines previously used for restriction mapping (Jiang & Gibson, 1991) , except for two lines from the Guangzhou population which had been lost. There were 104 lines from seven Australian populations and 82 lines from the six Chinese populations [see map in Jiang & Gibson (1991) for the geographical locations of the populations]. Each line was homozygous for a wild-type second chromosome. The third chromosomes in the lines were randomly derived from the wild-type stock and the X chromosome extractions (Jiang & Gibson, 1991) . ADH was assayed in each line using flies from two replicate cultures. To provide similar progeny densities each culture was set up with 20 pairs of flies in 250-mi plastic containers with standard culture medium (Gibson & Wilks, 1988) . Two sets of male flies from the progeny of each culture were aged for 5-7 days, weighed and then homogenized in cold 100 mM sodium phosphate buffer (pH 7.5) to a final concentration of 10 mg live weight/mi. The homogenates were centrifuged at 10,000 r.p.m. (Sorvall SM-24 rotor) for 30 mm and the supernatants were kept on ice until assayed for ADH activity, as previously described (Gibson & Wiiks, 1988) . Two other lines, one homozygous for AdhF and one for Ad/is, were cultured and assayed in the same way and used as controls on each occasion that assays were made. Ethanol and 2-propanol were each used as substrates so that the activity ratio (activity with 2-propanol to activity with ethanol) could be calculated (Gibson eta!., 1980) . The heat stability of the ADH in the crude extracts was tested by keeping aliquots of the extracts in a 40°C water bath for 5 mm prior to their assay.
The amount of ADH protein was investigated in 52 of the lines using radial immunodiffusion and polyclonal antisera prepared in rabbits (Lewis & Gibson, 1978) . These lines were chosen because they were the ones with either the highest or lowest ADH activities in each population. Extracts of the control AdhF and Adhs lines were used to prepare a standard series of antigen concentrations and the protein concentrations in the samples were determined by comparison with these standards.
Results
Of the 186 lines assayed, one lacked ADH activity and CRM, and this line has been excluded from the statistical analyses. We have shown (J. B. Gibson et a!., unpublished data) that this Adh allele (nACHJO5) has a deletion of 438 bp, which includes most of exon 2, and is responsible for the lack of activity.
The lines from both continents form two groups with respect to ADH activity, with Adh' lines having, on average, more than twice the activity of Ad/is lines (Table 1) , although there is some overlap (Fig. 1) . The levels of ADH activity in the Adh' lines vary from 35.4 to 351.9 in the Australian populations and from 130.7 to 365.7 in the Chinese populations (Fig. 1) . The levels in activity for the Adhs lines range from 36.1 to 179.5 (Australian populations) and 30.3 to 190 (Chinese populations) (Fig. 1) In each of the Australian and the Chinese populations the mean ADH activity of the Adh' lines is significantly higher than that of the Adhs lines ( As the samples had been scored for thermostability at 40°C and for activity ratio it was possible to obtain data for a third Ad/i allele, AdhRD, which segregates in some natural populations Gibson et a!., 1982; Jiang et a!., 1989; Gibson et a!., 1990) . This allele had been detected in four of the Chinese populations -Haikou, Guangzhou, Fuzhou and Jinan -and six lines containing the allele were assayed. The mean ADH activity in these six lines homozygous for Adh'° (144.4 9.3) was significantly higher than in the Adhs lines and significantly lower than in the Adh' lines ( Table 3 ).
The amount of ADH protein was measured in the six lines homozygous for Adh'° and also in the 27 Adh' lines and 25 Adhs lines were chosen because they had the highest or lowest activities in each population. Over all 58 lines there was a significant correlation between ADH activity and ADH protein amount, and the correlations were also significant and of similar magnitude for AdhF and Adhs lines, but not for AdhR lines (Table 2 ). On average the Adh' lines have significantly more ADH CRM than do AD/iS lines (P < 0.01).
The amount of ADH CRM in the AdhF lines was intermediate between, but not significantly different from, that of AdhF and Adhs lines (Table 2) .
ADH activities were compared between lines which differed in the presence or absence of specific restriction endonuclease variants (variants with frequencies less than 10 per cent were excluded). In the Australian and Chinese populations, the restriction site variation in the Adh region is shown in Fig. 2 in Jiang & Gibson (1991) . Fifteen restriction endonuclease recognition site polymorphisms were found, and, of these, five 2), HindIII (-3.7), HindIII (-3.0), PstI (1.3) and EcoRI (9.0) are associated (in at least one population) with significant differences in ADH activity (Table 3) . None of these polymorphisms has a consistent effect on ADH activity in populations on either continent (Table 3) , although there are some intriguing associations when only the lines with the highest and lowest ADH activities in each population are con- The majority of the insertions and deletions had oniy slight effects on ADH activity and none of the effects was consistent in populations from both continents. In the Chinese populations Ad/is lines with the 200 bp deletion located at -2.8 (Jiang & Gibson, 1991) were associated with higher ADH activity (147.7±7.1) than lines without the deletion (80.6 8.8) . This deletion, which was present in all populations except Tamar, decreased in frequency with increasing latitude in the Chinese populations (Jiang & One of the lines (from Tamar) was remarkable in that it contained a partial duplication of the Ad/i coding region together with a duplication of a region approximately 4 kb upstream to the coding region (Fig.  3) . Detailed analysis revealed that a fragment similar in size and restriction map to the HpaI-BamHI fragment (approximately 932 bp) in the coding region of the Adh gene was present 3.7 kb, 3' to the gene (Fig. 3) . Contiguous with this insertion was a 2-kb fragment which appears to be the same as a BamHI-PstI segment 5' to the gene (Fig. 3) . This line had the highest ADH activity of the Tamar lines even though the duplicated copy of the gene is incomplete.
Discussion
A striking feature of these data is the consistent (1985) , measuring active ADH molecules (not just immunologically identical molecules), found that the ADH-F enzyme has a catalytic-centre activity for secondary alcohols that is four times that of Ad/is. This is consistent with a stronger binding of the reduced coenzyme to ADH-S, and hence a slower dissociation of the coenzyme from the enzyme-NAD complex.
With ethanol as substrate, the catalytic-centre activity of ADH-F is twice that of ADH-S. The single amino acid substitution at position 192, which distinguishes ADH-F from ADH-S, is mainly responsible for the difference in catalytic-centre activity between the two allozymes (Winberg et at., 1982; Winberg et at., 1985; Laurie-Ahlberg & Stam, 1987) .
Relatively few lines were homozygous for the thermostable allele AdhF), but the six lines investigated [all from southern Chinese populations where the frequency of Adh'w reaches 36 per cent (Jiang et at., 1989) ] were homogeneous in their properties. The AdhF) lines had levels of ADH activity and CRM intermediate between those of ADH-F and ADH-S, as had previously been found for AdhF) lines from Australia (Lewis & Gibson, 1978; . Using allele-specific oligonucleotides it has been shown that samples of 
